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Sunscreens Prevent Sunburn Cell Formation in Human Skin 
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The Simon Greenberg Foundation and the Duhring Laboratory, Department of Dermatology, University of Pennsylvania, Philadelphia, 
Pennsylvania, U.S.A. 
Sunscreens with different sun protection factors were 
examined for their ability to prevent sunburn cell for-
mation in human skin exposed to ultraviolet radiation 
from a xenon solar simulator. There was either complete 
or partial protection against the cytotoxic effects of ul-
traviolet radiation. Protection was related to the sun 
protection factor of the sunscreen and to the dose of 
radiation administered. 
Growing public awareness of the baleful effects of overexpo-
sure to sunlight has stimulated demand for effective sunscreen 
preparations. Traditionally, the efficacy of a sunscreen is deter-
mined solely by its ability to prevent ultraviolet (UVR) -induced 
erythema. However, this does not necessarily mean protection 
against other, possibly more deleterious effects such as damage 
to DNA. Recent preliminary fmdings have cast doubts on the 
photoprotective role of sunscreens. Pearse, Wolska, and Marks 
[1] found that although erythema did not develop in sunscreen 
protected skin following repeated exposures to suprathreshold 
doses of UV-B, the action on DNA and other UV-sensitive 
enzymes was not prevented. These findings have serious impli-
cations if they are confrrmed for they may fundamentally alter 
our long-held views regarding the protective value of sun-
screens. 
There are several quantifiable parameters other than ery-
thema that can serve as a measure of acute UV damage to the 
skin. One characteristic feature of a sunburn reaction is the 
formation within the epidermis of dyskeratotic cells commonly 
referred to as sunburn cells [2-3]. In this study, we have 
examined the ability of various sunscreens to prevent UVR 
induced cellular damage in human skin. 
MATERIALS AND METHODS 
Subjects 
These were healthy, Caucasian male college students (skin types II 
and III) between the ages of 18 and 24 yr. The untanned midback was 
used for testing. Written informed consent was obtained. 
UV-Source 
This was 150-w xenon arc solru· simulator. The spectral power 
distribution was described previously (4]. Output measw·ements were 
made by a calibrated thermopile (Eppley Laboratories) attached to a 
Keithly micromillivoltmeter. Full flux at skin level was 44.7 mw/cm2 
(UV-B = )6.38 mw/cm2; UV-A = 25.97 mw/cm2). The minimal ery-
thema dose (MED) was individually determined by administering a 
series of increasing exposures where each dose was 25% greater than 
the previous one. The MED was the smallest dose producing minimal 
erythema 24 hr after irradiation. 
Sunscreens 
Three commercial sunscreen products with different sun protection 
factors (SPF) were used. The active ingredients were 8% homomen-
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thylsalicylate (Sunscreen A); 5% P-aminobenzoic acid (Sunscreen B); 
and 10% sulisobenzone (Sunscreen C). The mean SPF's at a dose of 2 
!Ll!cm2 as determined previously in a group of 10 subjects according to 
standard procedures described elsewhere [5] were 4, 8 and 10 respec-
tively. Each product was applied at a dose of 2 ,.U/ cm2 to a designated 
site measw-ing 2 X 5 em with micropipettes and spread uniformly with 
a thin glass rod. Fifteen minutes later, a single exposure of either 3 or 
9 times the MED was given to each protected site. In addition, one 
symmetric unprotected site received a single exposure of 3 MED's. 
Biopsies 
Twenty-four hours after irradiation, superficial shave biopsies (about 
3 X 3 mm) were obtained from each irradiated site under local xylocaine 
anaesthesia, using the blade technique of Shelley [6]. Normal untreated 
unirradiated skin from a nearby site was also obtained from 4 volun-
teers. The coded specimens were fixed in formalin, processed routinely, 
sectioned at 7 !L and stained with hematoxylin-eosin. Sunburn cells 
were counted in a blind fashion by one of us (G. G.) in every third 
section to avoid counting the same cell twice, as described previously 
[7]. One hundred fields (HPF) were counted from each specimen, using 
a microscope eyepiece with a grid (magnification 200x) and the values 
expressed as the number of sunburn cells per 100 fields. 
RESULTS 
The mean number of sunburn cells (±SEM) from unpro-
tected sites exposed to 3 MED's in the ~0 subjects was 278.4 ± 
77.6. Intense erythema developed in every instance. The 2 
sunscreens with higher SPF values (B and C) completely pre-
vented sunburn cell formation at a dose level of 3 MED's. 
Sunscreen A, with a lower SPF, pmvided partial protection 
(Table) . No erythema was seen with 3 MED's in any protected 
site. 
At a higher dose level of 9 MED's, sunscreens B and C 
provided partial protection. Minimal erythema developed in 
one instance (subject #8) in the 2 protected sites. 
Prevention of sunburn cell formation in human. shin by sunscreens 
Sunscreen" Unirradiated Subject 
A• skinc 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
B c 
8 0 0 ND 
10 0 0 ND 
2 2 0 ND 
10 0 0 ND 
17 0 0 ND 
12 0 0 ND 
A B c 
ND 11 2 0 
ND 14 59 l 
ND l 1 1 
ND 3 0 0 
A = 8% homomenthylsalicylate 
B = 5% P-aminobenzoic acid 
C = 10% Sulisobenzone. 
No sunscreen 
(UVR dose= 3 MED's) 
944 
.56 
108 
221 
230 
177 
220 
310 
267 
251 
"Numbers refer to frequency of sunburn cells per 100 high power 
fields (mag X 200). Exposw·e dose to protected sites (A, B and C) was 
3 MED's in the first 6 subjects and 9 MED's (B and C) in the last 4 
subjects. All unprotected sites received three MED's. 
c Unirradiated and untreated skin. 
ND: not done. 
364 GROVE AND KAIDBEY 
DISCUSSION 
The mechanism(s) that leads to the formation of sunburn 
cells is not known. These are presumably cells that are lethally 
damaged by UVR. Johnson et al suggested that melanin within 
keratinocytes may promote this effect since by absorbing UVR, 
it can act as an energy trap [8]. The concept that they may 
represent an especially sensitive subpopulation of epidermal 
cells has recently gained support. Brenner and Gschnait [9] 
found that those keratinocytes which became sunburn cells 
were relatively deficient in unscheduled DNA repair synthesis. 
Our results indicate that sunscreens not only prevent UVR-
induced erythema but also prevent UVR damage at the cellular 
level. This effect appears to be dose related. While this fmding 
is not at all surprising, it should be noted that certain topically 
applied anti-inflammatory agents such as indomethacin and 
corticosteroids can also suppress or abolish UV -B erythema but 
do not prevent injury to epidermal cells or to DNA [10,11]. 
Recently, Walter and Dequoy have shown that sunscreens also 
prevent inhibition of epidermal cell DNA synthesis by UV-B 
radiation in hairless mice [12]. 
Although the data do not permit accurate statistical analysis, 
there is a suggestion that the degree of protection against 
cytotoxic effects is directly dependent on the SPF of the sun-
screen. 
Sunscreens do not only prevent acute UV injury. There is 
mounting experimental evidence that they also provide protec-
tion against the more serious effects of long-term exposure. 
Preliminary findings by Knox, Griffin, and Hakim [13] and by 
Snyder and May [14] several years ago suggested that sun-
screens can prevent the development of UV-induced tumors. 
More recently [15], quantitative studies clearly demonstrated 
that the inhibition of UV carcinogenesis in albino hairless mice 
was also related to the sunscreens efficacy (SPF). There was 
also protection against the degenerative alterations in the der-
mis. 
The above considerations are in harmony with the basic 
concept that sunscreens, by acting as uv fllters at the surface 
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of the skin, can effectively attenuate the flux of damaging 
radiation reaching the viable layers and target tissues. Further-
more, it would appear that the SPF provides a reasonably good 
overall measure of the photoprotective efficacy of a sunscreen 
product. 
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